Abstract Giant cell granuloma is a rare benign granulomatous lesion of the bone. The local aggressiveness, potentiation with trauma and complex anatomy of the skull base makes the surgical management in this location challenging. We report a series of three cases along with the clinical presentation, radiological and histopathological findings and the management issues while dealing with this lesion. A review of literature reveals the rarity of the lesion, alternate management modalities and the outcomes for such lesion involving the jaw bones and the skull base. For best outcomes differential diagnosis from giant cell tumor and brown tumor of hyperparathyroidism is essential. Further it may be concluded that there is a need for maximal surgical excision to avoid recurrence as the second line management options are not as effective.
Introduction
Giant Cell Granuloma (GCG) is a benign, non-neoplastic yet locally aggressive, granulomatous lesion of bone probably occurring as an inflammatory response to intraosseous hemorrhage.
It is a rare lesion of the head and neck region (0.00011 % incidence [1] ) and most commonly involves the maxilla and mandible in children and young adults, with a slight female predilection. In patients aged 20-40 years, the skull base is the most common cranial site involved.
First introduced by Jaffe in 1953 as a nonneoplastic reactive process, Giant Cell Granuloma is defined [2] by the World Health Organization as an intraosseous lesion consisting of cellular fibrous tissue containing multiple foci of haemorrhage, aggregations of multinucleated giant cells, and occasionally, trabeculae of woven bone.
Differentiation from Giant Cell Tumor (GCT) and Brown Tumor of Hyperparathyroidism though difficult is essential for management and prognosis.
Complete surgical excision is the treatment modality of choice for giant cell granulomas. Other options reported for gnathic lesions [3] include curettage, megavoltage radiotherapy, intralesional steroids, calcitonin and interferon therapy.
In our case series, we aim to highlight the patient profile, radiological features and surgical outcomes of 3 cases of GCG of the paranasal sinuses presenting to us between July and December 2013.
Case Reports
See Table 1. All 3 patients had normal routine blood investigations. Besides these, S. Calcium, Alkaline Phosphatase & Parathormone levels were also within normal limits. The specimen from all the three cases showed similar histology comprising of proliferation of fibroblastic spindle cells arranged in short interlacing fascicles along with non-uniform distribution of osteoclastic giant cells, areas of sclerosis, hemorrhage and few hemosiderin laden macrophages. No necrosis or mitosis was seen (Fig. 5 ).
Patient Outcome See Table 2 .
Discussion
Giant cell granulomas are rare lesions of the paranasal sinuses. Though reported to be a consequence of trauma/ haemorrhage [4] (secondary to inflammation), the exact cause remains obscure. Flare up and recurrence during pregnancy suggest a possible hormonal dependence [5] . In the cases presenting to us a rapid increase in size was seen following biopsy or subtotal excision. Genetic abnormalities may be indicated. The lesion may be associated with conditions like Neurofibromatosis-1 or Noonan syndrome [6] .
It is believed that the spindle (fibroblast/fibroblast like) cell is the inducing cell and the giant cell causes the features of GCG. Overexpression of the cell cycle protein Ki-67 and of MDM2 protein/gene has been documented in GCG [7] . The multinucleated giant cells of GCG are strongly immunoreactive for CD68, suggesting histiocyte or macrophage origin from mesenchyme of marrow.
Reported symptoms are non-specific (soft tissue swelling/pain) and related to the site involved. Manifestation as a slowly growing mass often leads to a delay in diagnosis.
Radiological findings [8] on CT and MRI are nonspecific and mimic a fibroosseous vascular lesion. Histopathologically, the lesion shows multinucleated giant cells (evenly distributed or in clusters) and fibroblasts in a stroma containing various amounts of collagen [9] . RBCs are usually evident, although capillaries are small and inconspicuous. Foci of osteoid may be present, particularly around the peripheral margins of the lesion.
Giant cell tumor, Brown tumor of hyperparathyroidism, Aneurysmal bone cyst and Fibrous dysplasia mimic the features of Giant cell granuloma.
Giant cell tumors can be differentiated on histology by presence of larger giant cells with more nuclei and a homogenous distribution compared to GCG. Brown tumor of hyperparathyroidism cannot be ruled out on histopathology. It presents with clinical features of hyperparathyroidism along with characteristic biochemical parameters i.e. elevated S. Calcium, Alkaline Phosphatase and PTH levels with low S. Phosphorus. Aneurysmal Bone Cyst shows presence of sinusoidal blood spaces within the tumor mass on histopathology. Fibrous dysplasia shows only limited foci of giant cells and merges imperceptibly with the surrounding cortical bone and growth normally ceases with maturity.
Histopathology as well as radiological and biochemical evaluation of our patients were consistent with a diagnosis of giant cell granuloma.
The treatment of choice for GCG is complete surgical excision. Following complete surgical excision, the recurrence rates reported have been low around 10-15 % [10] . For extensive skull base lesions which do not lend themselves to complete excision, long term remission have been reported with radical resection of accessible lesion combined with radiotherapy. Risk of sarcomatous transformation following currently used megavoltage radiotherapy is low compared to orthovoltage radiation.
The basic flaw with reported adjuvant treatment modalities like intralesional steroids, calcitonin therapy and use of interferon 2a is that none target the fibroblast cell considered to be the etiological agent in the pathogenesis of GCG.
To the best of our knowledge, there are very few case series larger than individual case reports addressing giant cell granuloma of the paranasal sinuses.
Conclusion
Giant cell granuloma should be considered in the differential diagnosis of a child or a young adult with an expansile vascular lesion within any paranasal sinuses with or without cortical breach and isointensity with gray matter typical of a fibrous lesion.
On surgery, these lesions are highly vascular and adherent to surrounding soft tissues and bone. The complex anatomy of the anterior skull base and the vital structures in its vicinity make the management all the more challenging. This is compounded by the tendency of this lesion to increase in size exponentially following surgical trauma and incomplete excision.
Radiotherapy following radical resection is recommended if total excision cannot be achieved. The scope of radiotherapy is however limited by the presence of important neuronal structures in the vicinity of the skull base. Successful use of other second line treatment modalities for such lesions of the skull base has not been reported.
To conclude, complete surgical excision whenever possible, either at the time of biopsy using frozen section or at the earliest following histopathologic confirmation, is essential to achieve favorable outcomes when dealing with these aggressive lesions.
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